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Male Sexual Dysfunction
Tunical Outer Layer Plays an Essential
Role in Penile Veno-occlusive
Mechanism Evidenced from
Electrocautery Effects to the Corpora
Cavernosa in Defrosted Human
Cadavers
Cheng-Hsing Hsieh, Yi-Ping Huang, Mang-Hung Tsai, Heng-Shen Chen, Po-Cheng Huang,
Chung-Wu Lin, and Geng-Long Hsu
OBJECTIVE To determine the exact anatomical structure for establishing penile veno-occlusive function, we
sought to conduct a hemodynamic study on defrosted human cadavers.
MATERIALS AND
METHODS
Thirteen penises were used for this experiment, and 11 intact penises were allocated into the elec-
trocautery group (EG, n = 6) and the ligation group (LG, n = 5). A circumcision was made on
the penis to access the veins. Two #19 scalp needles were fixed in the 3 and 9 o’clock positions
in the distal penis for colloid infusion and intracavernous pressure (ICP) monitoring, respec-
tively. For the EG, the deep dorsal vein and cavernosal vein trunks were freed for 3-5 cm where
at least 3 emissary veins were identified via opening Buck’s fascia; these veins underwent elec-
trocautery at 45 watts, while the ICP was maintained at 0, 50, 75, 100, 125, and 150 mmHg, re-
spectively. For control, venous ligation was made but at the ICP of 150 mmHg. A tissue block
including the emissary vein was then obtained for histological analysis.
RESULTS Except all in the EG and those whose ICP exceed 125 mmHg in the EG, the sinusoids of the
corpora cavernosa sustained varied fulgurated fibrosis in every specimen and the severity ap-
peared reversely commensurate with the ICP regarding sinusoidal clumping and darkish bands
(P <.02 and .01 respectively).
CONCLUSION We conclude that the tunica albuginea can prevent the electrocautery damage to intracavernous
sinusoids once the ICP reached a level corresponding to a rigid erection. The outer tunica plays
an essential role in fulfilling the veno-occlusive mechanism. UROLOGY 86: 1129–1136, 2015.
© 2015 The Authors. Published by Elsevier Inc.
Although human penile anatomy and erection physi-ology had been extensively studied,1-4 we still donot thoroughly understand this unique organ,
which attracts the most attention in the entire human body.
In the last 2 decades, we had endeavored to study penile
tunical and venous anatomy with the discovery of a
bilayered tunica and intriguing penile erection-related
veins.5,6 The former substantiates a model of the tunica al-
buginea of the corpora cavernosa (CC) as a bilayered
structure with a 360° complete circular layer (smooth muscle
component) and a 300° incomplete outer longitudinal
coat (skeletal muscle component) in contrast to a single
inner circular layer. The latter proves that 1 deep dorsal
vein (DDV), 2 cavernosal veins (CVs), and 2 pairs of
para-arterial veins (as opposed to 1 single DDV) are situ-
ated between Buck’s fascia and the tunica albuginea
for CC drainage. Thus the CC communicates with the sys-
temic circulation via the penile arterial and venous
vasculature.7
This unique design of CC is intriguing, however, it may
fail to prevent the intracavernous sinusoids from being
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fulgurated when electrocautery dissipatedto soft vascular
tissue or the tuck tunica albuginea if the intracavernous
pressure (ICP) is insufficient to seal off the venous vascu-
lature. Not surprisingly in our long-term observation, in
addition to insufficient penile venous stripping, electro-
cautery application is a major cause of the deterioration
of erectile function after penile morphological or func-
tional reconstructions.8-10 This issue, however, is still subject
to a paucity of scientific evidence. Herein, we sought
to conduct a hemodynamic study to see whether the si-
nusoidal tissues can be free from electrocautery
influence and whether the tunica albuginea can be re-
garded as a firewall.
MATERIALS AND METHODS
With approval by the institutional review board of China Medical
University, we conducted this protracted experiment for 3 years.
In this study, 13 penises of adult human defrosted cadavers were
used. At a room temperature of 25°C, the cadavers which had
been frozen within 10 hours of death and maintained in a frozen
state for 3 months were defrosted over a period of 60 hours. To
Figure 1. Photos of 6 representative defrosted cadavers in this study. (A) This photo depicts cadaver 5 in the electro-
cautery group, for which demographic data are listed in Table 1. Its penis had been treated with circumferential incision,
fixed with two #19 scalp needles, which was well connected to an infusion pump and a pressure recorder, respectively.
Its intracavernous pressure (ICP) was set at 50 mmHg after the first test cavernosometry was made to confirm the suit-
ability of this subject. (A') Its corresponding cavernosometry tracing was undergone at 50 mmHg ICP (in between arrows)
in case the perfusion rate was set at 50 mL/min. (A") This photo shows a comparison cadaver in the ligation group. (B)
Similarly, this photo depicts cadaver 3 in the electrocautery group, for which demographic data are provided in Table 1.
After the first test, cavernosometry was made up to 150 mmHg, the ICP was set around 100 mmHg, while electrocautery
at 45 watts was applied to the deep dorsal vein (DDV) and cavernosal veins (CVs) for 30 seconds. (B') The recoding was
part of the entire tracings. Maintaining an exact ICP was not absolute and somewhat challenging. It was endeavored to
maintain 100 mmHg because it was a transitioning pressure point for a penis from flaccid to erect in our chronic obser-
vation. (B") This photo depicts a comparison between cadavers in the ligation group. (C) This photo shows cadaver 2 in
the electrocautery group, for which demographic data are listed in Table 1, its ICP was kept around 125 mmHg, which
was ready for application of the electrocautery. (C') This is a part of a recoding tracing from cadaver 2 in the electrocau-
tery group, for which demographic data are listed in Table 1. After the perfusion rate was downwardly adjusted, its ICP
was back to the baseline, the rate was increased to 45.015 mL/min in which electrocautery had been applied while the
ICP was not lesser than 125 mmHg (in between arrows). (C") This photo shows a comparison between cadavers in the
ligation group.
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facilitate venous access, a circumferential incision was made su-
perficial to Colles’ fascia, followed by degloving tissues deep to
the Buck’s fascia as proximal as possible (Fig. 1). Two 19-gauge
scalp needles were inserted and firmly fixed in place, with
4-0 nylon sutures, at the 3 and 9 o’clock positions (Fig. 1),
respectively.
The first needle was connected to an infusion pump (ML172
Minipuls-3 Peristaltic Pump and ML 175 STH Pump Control-
ler, AD Instruments Pty Ltd, Sydney, NSW, Australia) and was
used for injecting a 10% colloid solution (HAES-steril, Fresenius
Klinik, Bad Homburg, Germany) into the CC. The second needle
was used to monitor the ICP via an intravenous set connected
to a negative feedback pressure monitor. The suitability of each
cadaver’s frozen penis was first confirmed using infusion of
cavernosometry of which 35-50 mL/min colloid was perfused via
the first needle until 150 mmHg ICP was reached as measured
via the second needle. Two of the 8 cadavers were excluded because
of failure to reach 150 mmHg ICP. Eventually, 11 intact sub-
jects were rendered for this experiment, which were allocated to
electrocautery (n = 6) and ligation (n = 5) groups, according to
venous treatment with electrocautery or just ligation with 6-0
nylon, respectively.
In each cadaver in the electrocautery group (EG), the trunks
of the DDV and the CVs were freed for 3-5 cm where at least 3
emissary veins were included, reduced back to its original posi-
tions, and then treated for 30 seconds using electrocautery inwhich
a monopolar electrode (Elmed Inc, Addison, IL) was connected
to a Bovie 400-SR Electrosurgical Unit (SYBRON, Rochester,
NY), while the output power was set at 45 watts. The cadavers
were arbitrarily allocated to the process while their ICPs were
maintained at 150 mmHg, 125 mmHg, 100 mmHg, 75 mmHg,
50 mmHg, and 0 mmHg (Figs. 2, 3), respectively. In the ligation
group (LG), the venous ligation sites at which the emissary vein
exited the DDV-CVs trunk were stripped consequently. The li-
gation procedure becomes unsuccessful when the ICP exceeded
125 mmHg. A tissue block including the emissary vein was sub-
sequently obtained for staining and histological analysis on a
pathologist-blinding basis. Each corporotomy and skin wound was
fashioned with 3-0 chromic suture respectively and immediately
before formalin embalming for other medical use. Histologically,
hematoxylin-eosin (Fig. 2) andMasson trichrome staining (Fig. 3)
were used as required. Sinusoidal clumping (Fig. 2B vs F vs J and
D vs H vs L) and darkish bands (Fig. 3A vs D vs G and C vs F
vs I) denoted the electrocautery change, which was assessed under
×100 and ×400magnification, respectively. TheWilcoxon signed
rank test was used for statistical analysis as required.
RESULTS
In the EG, 2 cadavers were excluded because of failure to
reach 150 mmHg ICP repeatedly, which may have re-
sulted from the excessive postmortem change. Table 1 sum-
marizes the demographic data of the 11 cadavers included
in the study. Overall, in the EG (n = 6), electrocautery fi-
brosis was consistently apparent in the sinusoids of the CC,
except where the ICP was insufficiently high to serve as a
firewall to the backfire of electrical current. It is statically
significant in terms of sinusoidal clumping (P <.02) and
darkish fibrous bends (P <.01). The severity of fibrosis
appears to be inversely commensurate with the ICP. In the
EG (n = 5), no fulgurated damage was observed in the em-
issary vein inside the tunical outer longitudinal layer in theT
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cadavers in which the ICP was a minimum of 125 mmHg.
Similar results were observed in the LG (n = 5) cadavers
in which the sinusoidal tissue was free from similar
fibrosis.
DISCUSSION
The human penis is a unique hydraulic structure com-
posed ofmultiple fascial layers which surround the 3 cylinders
of erectile sinusoids. It consists of the glans penis, the corpus
spongiosum with the bulb of the urethra, the paired CC,
and the bulbospongiosus, as well as the ischiocavernosus
muscles. CC is exclusively responsible for building up a rigid
erection for intromission, which not only requires func-
tional arteries, but also requires an intact veno-occlusive
function.11 Despite the veno-occlusivemechanism has been
extensively studied, however, we failed to find a research
reporting the exact anatomy structure responsible for it.12
A
B
C
D
E
F
G
H
I
J
K
L
Figure 2. Comparison of sinusoidal change at varied ICP by electrocautery at 45 watts in the electrocautery group using
hematoxylin-eosin stain. (A) These pictures are from cadaver 2 in Table 1. The sinusoids (right) of the corpora cavernosa
(CC) showed neither clumping nor darkish banding while electrocautery at 45 watts was fulgurating DDV and CVs at 125 mmHg
ICP (reduced from ×40). The anatomical relationship of an outer longitudinal layer and inner circular layer of the tunica
albuginea was demonstrated. A certain area (dotted white square) was magnified, increasing from ×100 (B) and ×200
(C) to ×400 (D). (E) Corresponding pictures are from cadaver 4 in Table 1, while the electrocautery was made at 75 mmHg.
Again, a certain region (dotted white square) was magnified, increasing from ×100 (F) and ×200 (G) to ×400 (H) respec-
tively. (I) Similarly, corresponding pictures are from cadaver 6 in Table 1, while the electrocautery was kept at 0 mmHg
(baseline). Again, a certain region (dotted white square) was magnified, increasing from ×100 (J) and ×200 (K) to ×400
(L), respectively. Note the significant contrast between panels (A) vs (E) vs (I), (B) vs (F) vs (J), (C) vs (G) vs (K), and
(D) vs (H) vs (L), respectively.
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Human penile erection is likely amechanic phenomenon
in a peculiar vascular system, which involves 3 phases of
the erectile phenomenon.13 Firstly, there is an increase in
arterial inflow into the penis via the paired cavernosal ar-
teries. Secondly, sinusoidal relaxation results in filling of
the corporeal bodies from increasing arterial inflow. Thirdly,
an outflow decreases further causing a trapping of blood
within the CC, which results in tumescence and ultimate
rigid erection.
In the entire human body, CC is the most ideal milieu to
apply Pascal’s law, which depicts that pressure applied to any
part of the enclosed fluid at rest is transmitted undiminished
to every portion of the fluid and to the walls containing the
vessel, if there is no veno-occlusive dysfunction.14,15 Al-
though the theory of intracavernous fibrosis was proposed,16-18
we feel thatmost veno-occlusive functionoccurs at the tunical
level because a rigid erection is unexceptionally attained once
those erection-related veins were ligated at the tunical level
in both defrosted and fresh cadavers.19,20 This implies that the
outer longitudinal layer of the tunica albuginea not only can
be a tough wall to push against the outward ICP, but also can
shield the sinusoids frombeing fulgurated by the inward back-
fire fromanelectrical burn transmitted fromthe trunksofDDV
and CVs.
What is the proper perfusion rate in this novel study?
It was determined by trial and error in our sequential ex-
periments using normal saline (150 mL/min) and 10%
colloid (35 mL/min), respectively.20 We believed that the
principal determinant was the viscosity of the infusion; 10%
colloid fluid has the same viscosity as human blood. We
finalized the infusion rate from 35 to 50 mL/min. Some may
question whether the electrical conductance of a cadav-
eric penis is parallel to a living one; thus, is the defrosted
cadaver model used here generalizable to a living human
body? In addition to histology confirmation, interest-
ingly, grossly, livor mortis at either the groin or medial thigh
can disappear once the perfusion amount of 10% colloid
exceeds 350 mL.21 Thus, this hemodynamic model is likely
to mimic the human physiological status, and the infu-
sion colloid is valid as well. Thirty seconds were ad-
equate to close the venous lumen, which was exhibited as
a hemostatic status for homeostasis clinically. The
Figure 3. Histologic comparison of CC sinusoids by electrocautery at 45 watts at varied ICPs, and simple venous ligation
using Masson trichrome stain. (A) These pictures are from cadaver 1 in Table 1. The sinusoids (right) showed neither
clumping nor darkish banding, while electrocautery at 45 watts was fulgurating DDV and CVs at 150 mmHg ICP (reduced
from ×100). A certain area (dotted white square) was magnified, increasing from ×200 (B) to ×400 (C), respectively. Note
that the number of sinusoidal clumping and darkish banding was calculated based on ×100 and ×400 magnifications,
respectively. (D) Corresponding pictures are from cadaver 4 in Table 1, while the electrocautery was performed for 30
seconds at 75 mmHg ICP. Again, a certain region (dotted white square) was magnified from ×200 (E) to ×400 (F), re-
spectively. (G) Similarly, corresponding pictures are from cadaver 6 in Table 1, while the electrocautery was made at 0 mmHg
(baseline). Again, a certain region (dotted white square) was magnified, increasing from ×200 (H) to ×400 (I), respec-
tively. Similarly, a representative cadaver in the ligation group was observed under magnification, increasing from ×100
(J) and ×200 (K) to ×400 (L). Note the significant contrast between panels (A) vs (D) vs (G) vs (J), (B) vs (E) vs (H) vs
(K), and (C) vs (F) vs (I) vs (L), respectively.
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electrical conductance of living tissue and cadaveric penis
warrant our further study.
Recent studies disclosed that most erectile dysfunction
results from veno-occlusive dysfunction in which penile
veins fail to stop blood drained away from the sinusoids
of CC.22,23 Multiple emissary veins are plausibly incompe-
tent, while those venous trunks might serve as a
bidirectional bridge between the DDV, CVs, and sinu-
soids of CC. Historically, it is rare to encounter a surgical
treatment procedure like the penile venous surgery for
restoring erectile function. For over a century, the experi-
mental surgery has mostly been abandoned.24-26 The
unfavorable postoperative outcomes may be ascribed to
insufficient treatment of dysfunctional leakage veins and
electrocautery usage as well.27,28 Avoiding electrocautery
usage is theoretically beneficial for any type of penile
surgery, including penile morphological reconstruction,
erectile function restoration, and penile implantation.29,30
In this study, the extracorporeal electrocautery cannot
penetrate into the sinusoidal wall once the ICP was higher
than 125 mmHg. There was also little difference between
the electrocautery damage noted in the specimens at
125 mmHg or 150 mmHg. At these ICPs, there is an
appreciable protection afforded to CC sinusoids. Unfor-
tunately, a significant intracavernous fulgurated fibrosis
was unexceptionally significantly developed, in particu-
lar, if the ICP was at or below 100 mmHg. Alternatively,
a simple ligation appears to be free from this electrocau-
tery effect to delicate sinusoids.
CONCLUSION
We may conclude that the electrocautery energy dissi-
pated can be prevented from fulgurating intracavernous si-
nusoids once the ICP is able to reach 125 mmHg, by which
veno-occlusive function works well. The penile tunica al-
buginea appears to be a key structure, particularly as the
outer longitudinal layer plays a determinant role in penile
veno-occlusive mechanism.
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EDITORIAL COMMENT
Hsieh et al observed that use of electrocautery during penile venous
surgery for impotence is associated with a greater likelihood of
either deficient or net decreased erectile function postopera-
tively. They hypothesized that the same veno-occlusive mecha-
nism for penile erection that occurs at the junction of sinusoidal
veins with the bilayered tunica of the penis likely also serves as
a protective mechanism against fulguration damage to sinusoidal
veins and cavernosal tissue when electrocautery is applied to penile
veins outside of the tunica.
The authors used a frozen-thawed colloid-perfused human ca-
daveric model of the penis, treated with Bovie electrocautery
(monopolar coagulation mode, 45 W) to test their hypothesis.
Although there are significant limitations to the generalizability
of their model regarding cadaveric vs living penile tissue elec-
trical and pressure properties, the work by Hsieh et al does call
attention to the following important topics: (1) the anatomic basis
by which electrocautery during penile surgery impairs long-
term erectile function and (2) the importance of understanding
electrosurgical devices and their settings during penile andrologic
and reconstructive surgery.
During monopolar electrosurgery, tissue is cut and coagulated by
completing an electrical circuit: electric current from the
radiofrequency generator is conducted through the surgical site via
the handheld electrode. Current is then dispersed through the patient
to a return electrode (grounding pad) connected to the generator.
In general, at an identical power setting (watts, W), coagulation cur-
rents cause deeper tissue injury than cut (pure or blend) currents.
The electrical resistance of a tissue arises from qualities that impede
the flow of current through it. In general, more resistance = less
current flow = greater energy delivery or heat to a tissue. The re-
sistance of skin is > bone > fat > muscle > bowel wall > blood;
electrolyte-rich body fluids are excellent conductors of current.
The application of coagulation electrocautery to blood-filled veins
results in conduction of cautery thermal damage to end structures
along the vein. During erection, the veno-occlusive mechanism of
the penis interrupts the blood fluid column between the sinusoidal
and dorsal or cavernosal veins, which decreases conduction of thermal
injury. Hence, it is not surprising that, at low intracorporal pres-
sures (flaccid), the authors observed thermal damage (incorrectly re-
ferred to here as “fibrosis”) to the sinusoidal veins inside the corpora,
and no damage at high intracorporal pressure (erect state).
What is less clear from the authors is how their findings can or
should be translated to clinical care. Electrosurgery principles suggest
that only bipolar (never monopolar) electrocautery should be used
on the penis whenever possible, to minimize risk of collateral nerve
and vessel damage. With bipolar electrosurgery, 2 electrodes (gen-
erally the forceps tips) serve as the equivalent of the active-
dispersive leads in the monopolar mode. Electrosurgical current in
the patient is restricted to a small volume of tissue in the imme-
diate region of the forceps tips (especially when used with trace
saline irrigation). This minimizes collateral tissue damage by con-
duction and/or by current “arcing” to surrounding structures.
It is important for surgeons to understand electrosurgery prin-
ciples and how modes and power-settings can affect vital struc-
tures in penile surgery: vessels, nerves, and prosthetics.
Maurice M. Garcia, M.D., M.A.S., Genital Reconstruction,
Transgender Surgery, Neurourology and Sexual Medicine,
Department of Urology, University of California, San
Francisco, San Francisco, CA
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REPLY
Although the human penis has been studied extensively, its
anatomy and erection mechanism have not been well eluci-
dated. We have endeavored to elucidate the exact penile
architecture responsible for the penile veno-occlusive mecha-
nism after explorations of the penile tunica, venous anatomy,
and erection process had been made chronologically in latest
decades. In the penile corpora cavernosa, each deep dorsal,
cavernosal, and para-arterial vein has separate emissary
veins for draining sinusoidal blood to systemic circulation.
Accordingly, we developed a penile venous stripping (PVS)
technique for treating patients with veno-occlusive dysfunc-
tion, in which a 6-0 nylon is used to tie 76-125 ligatures around
the emissary veins just outside the tunica albuginea. Thus, the
corporeal sinusoids remain uninfluenced by the entire PVS
procedures. Intracavernous fibrosis was characteristically discov-
ered in several dozen males who underwent unsuccessful penile
venous surgery internationally. Therefore, we hypothesized that
electrocautery usage leading to intracavernosal fibrosis is the
major cause of unfavorable erection restoration and inadequate
venous treatment, thus motivating this veno-occlusive study.
However, we had no direct method for observing the veno-
occlusive mechanism; therefore, we resorted to an indirect
method of proving it by examining defrosted cadaveric penises.
Although studies of electrocautery have examined the penises
on living animals, the os penis in quadrupeds is too different
from the hydraulic penile corpora cavernosa in humans to
justify.
It is fundamental for every surgeon to know the principles of
both monopolar and bipolar electrocautery because using elec-
trocautery is indispensible to all surgeons’ practice. Surgeons have
difficulty in declining the use of electrocautery because it enables
maintaining hemostasis during contemporary penile surgical pro-
cedures. The homeostatic effect is associated with heat genera-
tion; in addition to the intended results, the heat may cause
thermal injury, which is responsible for neural damage and ne-
crosis in the nearby tissue. Not surprisingly, some experts have
suggested that only bipolar electrocautery should be used on the
penis whenever possible, thus minimizing the risk of collateral
nerve and vessel damage. Bipolar electrocautery is much slower
than the other modalities, whereas monopolar electrocautery causes
considerably more tissue damage and an elevated temperature in
lateral tissue. The discussed conditions are true of general penile
reconstructive surgery; however, PVS requires the complete block-
age of incompetent veins, precluding the use of electrocautery.
After 3 consecutive decades of research on PVS, we have con-
cluded that the soundest method for venous closure is the
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separate ligation of each emissary vein just outside the tunica al-
buginea by using a 6-0 nylon suture ligation rather than elec-
trocautery. We acknowledge that bipolar diathermy limits the
electrical current between the 2 points of the device; however,
the area of generated heat is much larger than the venous vessel
that we must control. These vessels include DDV and CVs which
are travelling along the dorsal aspect of CC via emissary veins
traversed often directly on the tunica albuginea and within the
vicinity of the neurovascular bundle. Nevertheless, monopolar
rather than bipolar electrocautery must be used when aiming the
venous closure. Therefore, use of bipolar electrocautery was not
justified in this study. However, this electrocautery study proved
that the outer tunica acts as the structure of the veno-occlusive
mechanism.
Geng-Long Hsu, M.D., Microsurgical Potency
Reconstruction and Research Center, Taipei,
Taiwan
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